Influenza B viruses cause annual epidemics and can be associated with severe disease resulting in hospitalizations and deaths [1] [2] [3] . Neuraminidase (NA) inhibitors (NAIs), including oseltamivir and zanamivir, are the only class of antiviral agents currently licensed to treat influenza B virus infections. The Centers for Disease Control and Prevention (CDC) and the World Health Organization Global Influenza Surveillance program conduct year-round surveillance to monitor for susceptibility of circulating influenza viruses to antiviral agents in the United States and globally.
During the 2010-2011 influenza season, through routine surveillance, the CDC influenza laboratory identified a cluster of influenza B viruses from North Carolina with an elevated median inhibitory concentration (IC 50 ) to oseltamivir on a functional NA inhibition (NI) assay, interpreted as reduced susceptibility to oseltamivir, when compared with reference influenza B viruses [4] . All influenza B viruses in this cluster were found by sequencing to have a novel NA substitution, denoted I221V [4] .
Prior to this cluster, influenza B viruses with NA substitutions associated with reduced oseltamivir susceptibility had been rarely described [5] [6] [7] [8] [9] [10] [11] . We sought to characterize the epidemiologic and clinical characteristics of patients infected with influenza B viruses with the I221V substitution (B/ I221V) as compared to patients infected with influenza B viruses without the I221V substitution (B/wild-type). We further sought to evaluate the clinical effectiveness of oseltamivir among patients infected with B/I221V viruses.
METHODS

Laboratory Testing
During the 2010-2011 influenza season, states were requested to send a sample of 5 influenza viruses, representing a mixture of circulating types and subtypes, to the CDC every 2 weeks for routine antiviral resistance surveillance. During routine drug susceptibility testing, several influenza B viruses from North Carolina were found by in vitro assays to have reduced oseltamivir susceptibility. When sequenced, a novel mutation, I221V (ATC→GTA), consisting of an isoleucine (I) to valine (V) substitution at position 221 (B NA numbering corresponds to 222 in the N2 NA amino acid numbering) was detected in a conserved residue of the NA active site of these influenza B viruses [4] . After the cluster of B/I221V viruses was identified [4] , we requested that all influenza B viruses submitted to North Carolina and South Carolina state public health laboratories be sent to the CDC for expanded B/I221V testing. In addition, all virus isolates submitted to the CDC for antiviral resistance surveillance from 44 other state public health laboratories were tested for this marker by conventional sequencing and/or pyrosequencing [4, 9] .
Epidemiologic Investigation
An epidemiologic investigation was initiated in North Carolina and South Carolina, the states where B/I221V viruses were identified. Information on age, sex, specimen collection date, and county of residence was obtained from laboratory requisition forms of all patients with influenza B virus infections who had clinical specimens submitted to state public health laboratories in North Carolina and South Carolina during October 2010-March 2011. Healthcare providers who submitted clinical specimens that were subsequently tested for B/ I221V were asked to complete standardized medical record abstraction forms that included information on past medical history, details of the influenza illness at the time of the clinic visit, prescribed treatment, and any clinical outcomes that were known. Standardized telephone interviews were also attempted for all patients or for their parent or guardian, for whom contact information was available. Patients were asked details about their influenza illness, potential exposures related to their influenza illness, and whether they completed oseltamivir treatment. Patient surveys were translated into Spanish, and all interviews were conducted in Spanish for patients who spoke Spanish as their primary language. All telephone interviews were conducting in March 2011. Calendars and medical office visit dates were used as memory aids during the interview.
The CDC determined that this investigation represented a public health response and did not require institutional review board authorization. All patients who were contacted as part of the investigation were given the opportunity to decline the interview.
Data Analysis
We Figure 1) . B/I221V was detected in clinical specimens from residents of 15 counties and accounted for >40% of influenza B virus infections in 7 of these counties. All B/I221V viruses were of the Victoria lineage and were antigentically similar to the influenza B virus strain contained within the 2010-2011 influenza vaccine [4] . In a previous publication, we reported that phylogenetic analysis showed that the B/I221V viruses from North Carolina formed a distinct cluster within the NA gene of Victoria lineage B viruses; no such cluster was observed in the HA gene [4] . Furthermore, no additional mutations were exclusively or consistently observed in the NA gene of the B/I221V viruses. Use of the fluorescent NA inhibition assay revealed that the mean oseltamivir IC 50 of the B/I221V viruses (19.86 nM) was 6-fold greater than that of the CDC reference wild-type oseltamivirsusceptible influenza B viruses (3.25 nM) and 2-fold higher than that of the B/wild-type influenza viruses circulating in North Carolina and South Carolina during 2010-2011 (8.33 nM) [4] . Virologic details are described fully elsewhere [4] . Nationally, during the 2010-2011 influenza season, 74% of circulating influenza viruses were influenza A viruses, and 26% were influenza B viruses. While the proportion of circulating viruses in South Carolina that were influenza B (32%) was similar to the national estimate, the proportion of influenza viruses in North Carolina that were influenza B (42%) was higher than seen nationally [13] . Among 742 influenza B viruses tested nationally, 699 (94%) belonged to the B/Victoria lineage, and 43 (6%) belonged to the B/Yamagata lineage. The distribution of B/Victoria vs B/Yamagata viruses in North Carolina and South Carolina was similar to that seen nationally [13] . Peak influenza-like activity was higher than the national peak (4.5%) for both South Carolina (7%) and North Carolina (6%) during the 2010-2011 season.
Epidemiologic and Clinical Characteristics of Patients With Influenza B Virus Infections
The North Carolina and South Carolina state public health laboratories identified influenza B virus in clinical specimens from 302 patients during the 2010-2011 influenza season.
Specimens from 291 (96%) of these patients were tested by conventional sequencing and/or pyrosequencing for I221V. Of these 291 patients, we sought to conduct medical record reviews and telephone interviews for 233 (80%) patients. In South Carolina, of 82 patients tested for I221V, we sought to interview 24 patients from counties in South Carolina where B/I221V was known to be circulating, because of limited resources. Medical record reviews and telephone surveys were completed for 168 patients (72%; 149 from North Carolina and 19 from South Carolina). Medical records were used in lieu of telephone interviews for patients who had cognitive dysfunction (n = 2) or were deceased (n = 7).
There were no significant differences in age, sex, or underlying medical conditions of patients infected with influenza B viruses with and those infected with influenza B virus without I221V ( Table 1) . The majority of patients with influenza B virus infections were younger than 30 years and enrolled in prekindergarten-fourth grade (38%) or college (53%). A significantly higher proportion of patients with B/I221V infection spoke only Spanish, compared with patients infected with B/wild-type viruses (33% vs 20%; P ≤ .05).
No patients infected with influenza B viruses with or without I221V had received oseltamivir for prophylaxis or treatment prior to collection of their specimen for influenza testing (Table 1) . A small number of patients in both groups reported exposure prior to specimen collection to a household contact who was receiving oseltamivir. About half of the patients in both groups reported exposure to a sick contact at school or work. Nine patients with B/I221V infection were college students at a single university in North Carolina, and 5 were college students at a single university in South Carolina. These patients had no other epidemiologic exposures in common. Two patients from South Carolina had traveled prior to illness onset to a North Carolina county in which B/I221V was circulating; one was found to be infected with a B/I221V virus.
The median number of days from illness onset to influenza specimen collection was 2 days for patients infected with influenza B virus with and those infected with influenza B virus without I221V (Table 2) . Among all patients, 94% took overthe-counter antipyretic medications to treat their symptoms. There were no significant differences in the proportion of patients infected with B/I221V virus as compared to B/wild-type virus who had fever, cough, sore throat, or other symptoms associated with their infection. There were also no significant differences in the proportion of patients who missed school or work as a result of illness, required additional office visits, were hospitalized as a result of their illness, or died.
Effectiveness of Oseltamivir
On the basis of data obtained from patient interviews, 14 of 38 patients (37%) with B/I221V infection and 75 of 128 patients (59%) with B/wild-type infection confirmed starting (Table 3) . Among patients who completed oseltamivir treatment, those with B/I221V infection reported significantly longer intervals between the date of their initial physician visit and the time they felt better and the time they felt like themselves, compared with patients with B/wild-type infection. The duration of several clinical symptoms was longer and more days of work or school were missed among patients with B/I221V infection; however, no values were significantly different from those for patients with B/wild-type infection. In contrast, among patient who did not receive oseltamivir treatment, the duration of most symptoms and illness did not differ between patients with B/I221V and B/wild-type infections, except for days of school or work missed. Among the 73 patients who completed oseltamivir treatment, 64 (88%) had information available on timing of oseltamivir treatment, and all reported starting oseltamivir on the same day as their initial physician visit. Patients who reported completing only partial treatment with oseltamivir (duration, 1-4 days) were excluded. 
DISCUSSION
We describe the epidemiologic and clinical characteristics of a large cluster of individuals infected with influenza B viruses with reduced oseltamivir susceptibility and a novel I221V NA substitution. B/I221V viruses cocirculated with wild-type influenza B viruses in 1 geographic region in the United States throughout the 2010-2011 influenza season. These B/I221V viruses circulated in the absence of drug pressure. We found no evidence to suggest that B/I221V viruses behaved differently than B/wild-type viruses with respect to populations affected or illness severity Although the number of oseltamivirtreated patients in our analysis was small, our data suggest that oseltamivir may have had less effect on reducing illness among those infected with B viruses with the I221V substitution.
This is the first cluster of influenza B viruses with an NA substitution and reduced oseltamivir susceptibility to be reported. Prior reports have described the prevalence of influenza B viruses with substitutions at the 221 residue to be rare [6, 10] . Amino acid 221 is a highly conserved residue of the NA enzyme active site. I221T has been reported sporadically from surveillance [6, 14] ; however, the viruses from this investigation are the first report of I221V [4] . NA substitutions among influenza B viruses have been detected only sporadically through global antiviral resistance surveillance [7, 9, 11, 14, 15] and have been reported rarely among influenza B virus specimens from patients after receipt of NAI therapy [5, 6, 8] . Although it is not possible to know whether B/I221V viruses initially emerged spontaneously or in relation to drug pressure, the lack of exposure to oseltamivir prior to specimen collection among patients infected with B/I221V viruses suggests that the substitution may not have developed in response to oseltamivir use. In vitro studies and animal models have found that NA substitutions may affect NA activity and compromise the ability of the virus to infect individuals and cause disease. [16, 17] . However, our investigation suggests that the presence of the I221V substitution did not compromise the ability of influenza B viruses to cause illness or to be transmitted efficiently within populations. Furthermore, B/I221V viruses infected people with similar demographic characteristics and caused similar illness as wild-type influenza B viruses. In vitro functional NI assays revealed that all B/I221V viruses had an elevated IC 50 to oseltamivir, compared with reference viruses [4] . Notably, wild-type, oseltamivir-susceptible influenza B viruses have a higher baseline IC 50 for oseltamivir than do influenza A viruses [14, 18, 19] . Several studies have questioned whether the higher baseline IC 50 values translate into altered drug effectiveness [20] [21] [22] . A few observational studies have suggested that oseltamivir may reduce fever quicker in patients with influenza A virus infections, compared with patients with influenza B virus infections [20] [21] [22] . Thus, a NA substitution, such as I221V, that increased the IC 50 in influenza B viruses even higher might be clinically important. Our findings suggest that patients with uncomplicated illness due to B/I221V infection may not have responded to oseltamivir treatment as effectively as patients with B/wildtype virus infection, as evidenced by a longer duration from initiation of antiviral therapy to illness resolution. A trend toward a longer duration of several clinical outcomes suggests these findings may not be spurious. However, we cannot exclude the possibility of random effects from multiple comparisons in a small sample, and we were not able to compare treated and untreated patients, since we did not collect information on biases related to antiviral receipt. Although we were not able to assess the effectiveness of oseltamivir treatment for severe B/I221V infection, our findings suggest that oseltamivir may not be optimal treatment for severe infections due to B/ I221V. Because of the high prevalence of B/I221V at the time of the investigation and the uncertain clinical significance of the in vitro finding of reduced oseltamivir susceptibility, the North Carolina Department of Health and Human Services alerted clinicians about the cluster and advised them to consider this information when treating patients with severe influenza B virus infections who did not appear to be responding to oseltamivir. Intravenous zanamivir, an investigational agent, was recommended as an alternative treatment.
Influenza B viruses can be associated with severe disease [1] [2] [3] , and in this investigation, a total of 26 patients with influenza B virus infection were hospitalized as a result of their influenza episode, 10 patients required intensive care unit admission, and 7 patients died. Although numbers were small, there were no significant differences in the proportion of patients with B/I221V vs B/wild-type who were hospitalized, required intensive care unit admission, or died. In accordance with guidelines, all individuals >6 months of age should receive influenza vaccination annually to prevent complications associated with influenza virus infection [23, 24] .
This investigation had several limitations. The number of influenza specimens submitted for surveillance varied by state and county, and several counties submitted no specimens; thus, the prevalence of B/I221V viruses could have been higher and the circulation more widespread than we describe. A higher proportion of patients infected with B/I221V spoke only Spanish. Thus, it is possible that there were epidemiological links that we were unable to identify during the investigation and that there may have been more localized circulation of B/I221V. Clinical illness information was collected retrospectively after resolution of influenza, and patient memory regarding certain clinical details may have declined over time; however, we used calendars and medical office visit dates as memory aids and medical record data to corroborate patient information. Finally, given the small sample size, there was limited power to detect clinically significant differences in illness course and outcomes among patients infected with influenza B viruses with and viruses without I221V.
Influenza B viruses with reduced oseltamivir susceptibility and a novel NA substitution cocirculated with wild-type influenza B viruses in a limited geographic area within the United States during the 2010-2011 influenza season. As of 31 March 2012, no B/I221V viruses were detected during the 2011-2012 influenza season, although circulation of Victoria-like B viruses was low. Thus, it appears unlikely that influenza B viruses with the I221V substitution will circulate more widely in the near future. However, the ability of B/I221V viruses to be transmitted within the community, their unaltered ability to cause human illness, and the possible effect of the NA substitution on the clinical effectiveness of oseltamivir, make any future widespread circulation of B/I221V viruses concerning. Thus, surveillance for NA substitutions at the 221 residue should be included in global surveillance for antiviral resistance among influenza B viruses.
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